INTRODUCTION
============

Glaucoma is the second leading reason for blindness in England and Wales following exudative macular degeneration.^[@B1]^ Reduction in intraocular pressure (IOP) is the only modifiable risk factor that may prevent deterioration and visual disability.^[@B2]^ Glaucoma treatment has traditionally been initiated with IOP-lowering medication (mainly topical treatment) as well as laser treatment. Filtration surgeries have traditionally been reserved for rapidly progressive patients, patients with uncontrolled IOP under maximal tolerable treatment, and those with advanced glaucoma at presentation. Compliance for topical treatment is known to be a barrier to effective IOP reduction with some reports suggesting \<25% of patients persistent with their topical treatment over 12 months.^[@B3]^

A growing body of evidence suggests that minimally invasive glaucoma surgery (MIGS) may change this classic treatment paradigm. The MIGS procedures provide a potentially safe, effective, and simple solution for the mild and moderate progressing glaucoma patient.^[@B4]^ A number of novel techniques have been proposed utilizing a range of potential aqueous humor drainage pathways. Devices such as the iStent (Glaukos Corporation, Laguna Hills, CA, USA) and the Hydrus (Ivantis Inc., Irvine, CA, USA) bypass the trabecular meshwork by insertion into the canal of Schlemm. The XEN45 gel implant (Allergan Inc., Irvine, CA, USA) bypasses the trabecular meshwork to drain fluid to the subconjunctival space as in traditional filtration surgery. CyPass^®^ Micro-Stent (Alcon, USA) and the iStent Supra (Glaukos Corporation, Laguna Hills, CA, USA) are injected into the suprachoroidal space to encourage aqueous drainage via this route. Studies of the efficacy of methods utilizing the suprachoroidal space and canal of Schlemm have shown pressure reductions in the mid- to high teens as well as reduced the drop use and a favorable safety profile,^[@B5]--[@B9]^ this comes into question with the recent recall of the CyPass^®^ Micro-Stent (Alcon, USA). The MIGS that use the suprachoroidal pathway have an added advantage that they leave the subconjunctival space untouched for future filtration procedures. The CyPass^®^ Micro-Stent is a fenestrated polyimide stent designed to be inserted into the supraciliary space and facilitates uveoscleral aqueous outflow and lower IOP with minimal complications.^[@B10]^

Nonrandomized studies demonstrated significant IOP lowering both as a stand-alone procedure and as combined phacoemulsification, and the CyPass^®^ procedure with no significant adverse events noted, showing an IOP reduction of about 30%.^[@B10]--[@B12]^ The COMPASS study was a randomized controlled trial evaluating the 2-year safety and efficacy of supraciliary microstenting, this study showed a sustained reduction in IOP after 2 years of follow-up for mild-to-moderate primary open-angle glaucoma (POAG) patients with no significant side effects.^[@B8]^

Until trabeculectomy was described in the 1970s, cyclodialysis was a surgical approach to induce hypotension, where the main focus was ways to effectively induce a lasting fistula between the anterior chamber (AC) and the suprachoroidal space.^[@B13]^ The technique for cyclodialysis formation changed through the years since the original cyclodialysis technique was described by Heine.^[@B14]--[@B16]^ In recent years, *ab externo* cyclodialysis has largely gone out of favor, and some authors describe performing a modified procedure as an adjunct for trabeculectomy.^[@B17],[@B18]^ Traumatic cyclodialysis is a rare condition, usually seen following blunt trauma causing severe hypotension through direct communication between the AC and the suprachoroidal space, bypassing the physiological resistance to outflow.^[@B19],[@B20]^ Reduced blood supply to the ciliary body may further reduce IOP through reduced production of aqueous humor.^[@B21]^ Closure of the ciliary cleft can be accompanied by an IOP spike, which is thought to be caused by a reduction in outflow through the dialysis/bypass with incomplete trabecular meshwork function.

*Ab externo* suprachoroidal devices have also been described and include the Gold Shunt (SOLX Inc., Waltham, Massachusetts, USA) and STARflo (iSTAR Medical, Isnes, Belgium). These devices require a peritomy and scleral flap dissection and *ab externo* introduction of the device into the AC, followed by the insertion of the posterior aspect of the shunt into the suprachoroidal space. Published results for the *ab externo* Gold Shunt approach to the suprachoroidal space show IOP lowering in mid-teens with variable success rate yet large cohort, prospective, long-term results are lacking.^[@B22]--[@B24]^

Recently, the CyPass^®^ Micro-Stent has been recalled off the market due to concerns raised for endothelial cell loss after 5 years of follow-up (COMPASS XT trial, an extensions of the original COMPASS trial).^[@B8]^ While the device is no longer available for use, we believe our data may offer insight for the future use of the suprachoroidal space in clinical practice. We present our experience with the CyPass^®^ Micro-Stent for a heterogeneous cohort of patients in the NHS setting at a university-affiliated regional hospital in the UK.

MATERIALS AND METHODS
=====================

We present a retrospective (historical prospective), noncomparative audit of patient records that underwent CyPass^®^ Micro-Stent implantation at Southend University Hospital NHS Foundation Trust between June 2017 and August 2018. The audit was approved by the governance unit of Southend University Hospital NHS Foundation Trust, and the tenets of the declaration of Helsinki were strictly upheld. Patients were referred to surgery from the glaucoma clinic after a thorough clinical assessment per our clinical practice. The preoperative examination included medical history, visual acuity testing with a Snellen\'s chart, slit-lamp examination, IOP measurement (Goldman applanation tonometer), gonioscopic assessment of the AC angle, lens status, and dilated fundoscopy. The optic nerve was assessed clinically and optical coherence tomography was performed as was deemed required by the treating physician. Visual fields were assessed using the Humphrey Visual Field Analyzer (Carl Zeiss AG, Oberkochen, Germany). If both eyes underwent the procedure, each eye was considered as a separate case for analysis.

Patients were referred for surgery based on the following indications:

-   Mild-to-moderate POAG with uncontrolled IOP with maximal tolerable medical therapy (MTMT).

-   Mild-to-moderate POAG with controlled IOP but visually significant medication side effects, ocular surface disease, or difficulty with topical treatment.

-   Patients following failed shunt procedures (i.e., refractory glaucoma patients). These patients had previously undergone trabeculectomy, tube shunt, or XEN45 procedures and have poor pressure control with MTMT.

-   Primary angle closure glaucoma (PACG) patients with uncontrolled IOP with MTMT and are pseudophakic or require cataract surgery (this is to allow access to the AC angle).

Per our protocol, all glaucoma medications were discontinued on the day of surgery.

During implantation, the AC was maintained using viscoelastic (Healon GV; Johnson and Johnson, NJ, USA). CyPass^®^ Micro-Stent was inserted *ab interno* into position under gonioscopic guidance. In combined cases, phacoemulsification and injection of an intraocular lens was performed first. After removal of the viscoelastic used for lens implantation, miosis was induced using intracameral acetylcholine, followed by reintroduction of viscoelastic agent and CyPass^®^ implantation. Following the procedure, patients were treated with combined topical steroid and antibiotic (tobramycin 0.3% and dexamethasone 0.1%) four times a day for 3 weeks. Patients were followed up in the glaucoma clinic, and medical treatment or further intervention was added as deemed necessary by the treating physician. Patients were seen in an initial postoperative visit 1 week post-CyPass^®^ implantation. We then collected data from their 1-, 3-, 6-, and 12-month review.

The main outcome measures were IOP reduction and the number of glaucoma drops taken at each time point. Failure was defined as those deemed by the assessing physician to have insufficiently controlled IOP and those who require further glaucoma surgery. Pressure spikes, defined as IOP above 29 mm Hg, were recorded for each patient. Postoperative IOP measurements and number of drops taken were compared to preoperative values and were analyzed for statistical significance using a paired *t* test. Failure was examined using Kaplan--Meier survival analysis. All variables are presented as mean ± standard deviation, *p* value \<0.05 was considered statistically significant. Best corrected visual acuity is presented in LogMAR. Statistical analysis was performed with SPSS^®^ 21 (IBM, Armonk, NY, USA).

RESULTS
=======

A total of 77 consecutive case records of 69 patients who underwent the CyPass^®^ procedure between August 2017 and August 2018 were included in the study. Of these, two records were unavailable for analysis and one was excluded as the surgery was cancelled due to uncooperative patient that had later undergone the procedure under general anesthesia. Two patients had died before completing 6 months of follow-up, eight had been lost to follow-up, with no 5-month data available. Sixty-four cases had been analyzed. Cohort baseline characteristics are presented in [Table 1](#T1){ref-type="table"}. CyPass^®^ was performed as a stand-alone procedure in 37 (58%) cases, of those 23 (36% of 64) were psudophakic at the time of surgery and 14 (22% of 64) underwent phakic CyPass^®^ procedure as no significant cataract was present. Combined phacoemulsification and CyPass^®^ procedures were performed in 27 (42%) cases. Primary open-angle glaucoma was the primary diagnosis in 45 (70.3%) cases, angle closure glaucoma in 3 (4.7%), ocular hypertension in 4 (6.3%), pigmentary glaucoma in 1 (1.6%), and refractory glaucoma in 11 (17.2%) cases. Of the refractory glaucoma patients, all had undergone prior glaucoma procedures (trabeculectomy, deep sclerectomy, or XEN). The mean follow-up was 10.6 ± 3.4 months (min. = 5.0 max. = 19.1 months).

The mean IOP for each time point of follow-up is presented in [Table 2](#T2){ref-type="table"}. Each postoperative time point showed a statistically significant drop in IOP compared to the preoperative values. At baseline, the mean IOP was 24.6 ± 7.2 mm Hg. The mean 3-month postoperative IOP was 16.2 ± 7.5 mm Hg (*p* \< 0.001), representing a 34.1% drop in IOP. The mean IOP at 12-month follow-up was 16.4 ± 4.5 mm Hg (*p* \< 0.001) representing a 33.3% drop in IOP. The IOP preoperatively and for each time point in the study are presented in [Figure 1](#F1){ref-type="fig"}. When comparing the stand-alone procedure and combined phaco + CyPass^®^ procedure, the mean IOP at baseline is lower for the combined phaco + CyPass^®^ procedure group (21.67 ± 1.0 vs 26.78 ± 1.2 combined vs stand-alone, respectively, *p* = 0.005); and no statistically significant difference was found for the postoperative period, though a trend toward lower IOP in the combined group was noted, which can be seen in [Figure 2](#F2){ref-type="fig"}.

###### 

Cohort baseline characteristics

  *Variable*                   *Category*              *Summary*
  ---------------------------- ----------------------- --------------
  Age                          ---                     75.39 ± 8.58
  Gender                       Female                  38 (59.4%)
  Male                         26 (40.6%)              
  Operated eye                 Left                    37 (57.8%)
  Right                        27 (42.2%)              
  Procedure                    Stand-alone CyPass^®^   37 (57.8%)
    Phakic CyPass^®^           14 (21.9%)              
    Pseudophakic CyPass^®^     23 (35.9%)              
  Combined phaco + CyPass^®^   27 (42.2%)              
  Primary diagnosis            POAG                    45 (70.3%)
  ACG                            3 (4.7%)              
  OHT                            4 (6.3%)              
  Pigmentary glaucoma            1 (1.6%)              
  Refractory glaucoma          11 (17.2%)              

###### 

Main outcome measures---mean intraocular pressure and antihypertensive drop use at each postoperative time point

                     *n*   *IOP (mm Hg) mean ± SD*   *Drop use (\#) mean ± SD*
  ------------------ ----- ------------------------- ---------------------------
  Preoperative IOP   64    24.63 ± 7.2               2.41 ± 0.9
  IOP, 3 months      55    16.24 ± 7.5               0.31 ± 0.7
  IOP, 6 months      44    18.39 ± 10.4              0.52 ± 1.0
  IOP, 9 months      28    18.18 ± 8.0               0.86 ± 1.2
  IOP, 12 months     27    16.41 ± 4.5               1.11 ± 1.3

For all time points *p* \< 0.001 compared to preoperative values

The number of glaucoma medications taken postoperatively was compared to preoperative values and are presented in [Table 2](#T2){ref-type="table"}. At baseline, the mean number of medications was 2.41 ± 0.98. A statistically significant reduction was observed in the mean number of drops taken at 12 months, i.e., to 1.1 ± 1.3. At baseline, 60 (93.7%) patients are on one or more antihypertensive drops. At 12 months postoperatively, only 13 (48.1%) of 27 patients are required to use antihypertensive treatment. Antihypertensive drop use preoperatively and for each time point are presented in [Figure 3](#F3){ref-type="fig"}.

The best corrected visual acuity analysis did not show statistically significant change preoperatively and at each postoperative time point as shown in [Figure 4](#F4){ref-type="fig"}. When comparing the change in visual acuity (VA) stratified by surgery type (combined vs stand-alone procedure), no statistical difference was noted; yet the combined procedure reveals a trend toward an improvement in VA, while the stand-alone procedure remains fairly constant throughout the study period. At the 12-month time point, the VA decreased in the stand-alone group (0.12 ± 0.17 LogMAR) and improved in the combined group (−0.19 ± 0.78 LogMAR), yet the difference was not statistically significant (*p* = 0.135).

Survival analysis is presented as a Kaplan-Meier survival estimate graph ([Fig. 5](#F5){ref-type="fig"}). At the 12-month postoperative time point, 24% was deemed as failure (76% of patients was deemed to be free from failure std. error 6%). Of these, two required cycloablative surgery, two required a trabeculectomy, three required a glaucoma filtration device, four were referred for a XEN45 procedure, one had a dislocated CyPass^®^ that was removed from the AC, and one had a complete retinal detachment 6 months following the procedure that required vitrectomy with subsequent increase in pressure that required further surgical treatment. Of the 13 failed eyes, 9 (70%) had failed within 6 months of the procedure.

![Mean intraocular pressure preoperatively and at each postoperative time point. Each postoperative time point shows a statistically significant drop in intraocular pressure compared to the preoperative values (Ptr, pretreatment)](jocgp-13-99-g001){#F1}

![Mean intraocular pressure preoperatively and at each postoperative time point stratified by procedure type (stand-alone CyPass^®^ vs combined phaco + CyPass^®^). Mean intraocular pressure at baseline is lower for the combined phaco + CyPass^®^ vs the stand-alone procedure group. No statistically significant difference was found for the postoperative period, though a trend toward lower intraocular pressure was noted in the combined group](jocgp-13-99-g002){#F2}

![Mean antihypertensive drop use preoperatively and at each follow-up time point. Each postoperative time point shows a statistically significant reduction in antihypertensive drop use compared to preoperative values](jocgp-13-99-g003){#F3}

![Mean VA preoperatively and postoperatively at each follow-up time point. The best corrected visual acuity analysis did not show statistically significant change preoperatively and at each postoperative time point when looking at the entire cohort](jocgp-13-99-g004){#F4}

![Kaplan-Meier survival estimate graph. At the 12-month postoperative time point, 24% were deemed as failure (76% of patients were deemed to be free from failure std error 6%)](jocgp-13-99-g005){#F5}

###### 

Adverse events

  *Adverse events*               *n (%)*
  ------------------------------ -----------
  Hyphema                          2 (3.1)
  Vitreous hemorrhage              1 (1.6)
  Choroidal effusion               3 (4.7)
  Myopic shift                     1 (1.6)
  Retinal detachment               1 (1.6)
  Pressure spikes (\>29 mm Hg)   16 (28.1)

Adverse events---two cases (3.1%) of transient hyphema, three cases (4.6%) of choroidal effusion that were (self-resolving), and one case (1.6%) of vitreous hemorrhage, which was likely due to malposition of the CyPass^®^. The CyPass^®^ spontaneously extruded into the AC 2 weeks postoperatively and was subsequently removed. One case (1.6%) presented with subtotal rhegmatogenous retinal detachment 6 months following the CyPass^®^ procedure. The IOP spikes were noted in 18 (28.1%) cases. Adverse events are summarized in [Table 3](#T3){ref-type="table"}. We have not encountered any clinically significant endothelial cell dysfunction.

DISCUSSION
==========

We present a retrospective (historical prospective) 1-year clinical audit for a cohort of patients who underwent CyPass^®^ Micro-Stent implementation in a university-affiliated hospital in an NHS setting in the UK. While CyPass^®^ has been pulled off the market amid concerns of endothelial cell damage, we have not encountered any clinically significant endothelial cell dysfunction throughout the study period, yet this appears to be a later event and would require further follow-up. Our study provides insight into the suprachoroidal pathway.

Our data shows a 30% reduction in the mean IOP at the 12-month time point, with a mean of 1.1 antihypertensive drops (representing a 53% reduction in drop use). While about 50% of patients can remain off antihypertensive drops after 12 months. Our data show similar results published in both nonrandomized and randomized studies, demonstrating a mean reduction in IOP of around 30%.^[@B8],[@B10],[@B11],[@B24],[@B25]^ When we compare stand-alone vs combined phaco + CyPass^®^ procedures, lower baseline IOP is observed in the combined group, which may represent a lower threshold for referral for patients who require cataract surgery and can be offered CyPass^®^ as an add-on procedure.

Over the study period, 30% of cases present with IOP spikes over 29 mm Hg, and most have responded well to topical medication. The IOP spikes present as an acute IOP rise with no abnormality on examination---the AC is deep and quiet, and the CyPass^®^ micro-shunt can be seen through the gonio lens with no apparent block to its proximal side. The main concern with these pressure spikes is that some may go unnoticed as they do not generally cause discomfort, pain, or blurred vision but may leave patients with increased pressure over long periods of time between follow-up visits.

We hypothesize the IOP spikes seen with the use of the CyPass^®^ micro-shunt may follow a similar pattern to AC cleft closure. As long as the outflow to the suprachoroidal space through (or around) the CyPass^®^ is patent, pressure remains low. Flow obstruction may be caused by obstruction in the device itself or by scarring in the suprachoroidal space. Once the bypass has been blocked, reduced trabecular meshwork function causes the IOP to abruptly rise.

Study limitations---our results are limited by their retrospective nature yet may offer insight into real-world results. Patients using public health systems as the NHS miss their appointments and may be lost to follow-up. This presents a clinical challenge and could create bias toward patients who are more involved in their treatment. In both pseudophakic and combined procedure patients, some IOP reduction related to cataract extraction may be included. Inclusion of several glaucoma types may further bias the results as one subgroup may disproportionally contribute to the mean IOP (the number of patients in non-POAG groups were small, and this did not allow for a significant subgroup analysis). One could expect that patients with prior failed surgery may be at high risk, yet subgroup analysis for this small group of patients did not yield statistically different results compared to patients who did not have prior glaucoma surgery. Prospective, randomized, controlled studies are required to better establish efficacy and safety for each disease subtype and glaucoma severity level and to correlate pressure reduction with visual field progression.

In conclusion, the suprachoroidal pathway appears to potentially offer a good alternative to the classic subconjunctival pathways, yet presents a new set of challenges not previously encountered through the more classic subconjunctival pathway. Further studies and future minimally invasive procedures may harness the suprachoroidal pathway to offer patients IOP reduction but would have to address the concerns such as endothelial cell loss, IOP spikes, and high failure rate.
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